ABSTRACT -The objective of this study was to evaluate the effect of a short-term supplementation with rice bran (2 kg/cows/day) on the endocrine and metabolic profiles and hepatic gene expression, associated with the reproductive response in beef cows in grazing conditions. Thirty-eight primiparous beef cows (Hereford, Angus and Hereford × Angus) were used in a randomized block design according to genotype, calving date and body condition score at calving (BCS). At 64±14 days postpartum (day 0 of the experiment), cows were assigned to two nutritional treatments: i) control, grazing native pastures (CON, n=19) and ii) supplemented (SUP, n = 19) for 21 days (days 1 to 21 of the experiment). Blood samples were collected at 0, 7 and 22 days and liver biopsies were obtained at day 22 to determine the abundance of mRNA of growth hormone receptor (GHR), insulin-like growth factor -I (IGF1), and its binding proteins -2 and -3 (IGFBP2 and IGFBP3), and insulin receptor (INSR) using SYBR-Green real-time RT-PCR with hypoxanthine phosphoribosyltransferase as endogenous control. Short-term supplementation with rice bran did not modify either cow BCS or BW, or calf BW or average daily gain. However, it decreased by 11 days the length of postpartum anestrus of primiparous cows in grazing conditions, associated with increased concentrations of glucose and insulin, and reduced hepatic expression of IGFBP2 mRNA at the end of the experimental period.
Introduction
In extensive systems of beef production in Uruguay, variations in the quantity and quality of native pasture determine fluctuations in cow nutrient supply, which cause animals to transit during periods of negative energy balance. Thus, concentrations of metabolic hormones associated with reproduction are affected, increasing the duration of postpartum anestrus (Lucy, 2003; Hess et al., 2005) .
The hypothalamic-pituitary-gonadal axis plays a central role in the regulation of reproduction, but it requires integrating peripheral signals (metabolites and hormones) for its correct function. The liver plays a key role in the synthesis of glucose and oxidation of non-esterified fatty acids (NEFA) (Drackley et al., 2001) and is the main organ of synthesis of insulinlike growth factor type I (IGF-I) in response to the union of growth hormone (GH) with its receptor (GHR) (Bauman, 2000) . Changes in the concentrations of GH and/or changes in circulating concentrations of glucose, NEFA and insulin or IGF-I are indicators of energy availability and animal metabolic status (Hess et al., 2005; Lucy et al., 2009) .
The duration of postpartum anestrus is the main cause of reproductive inefficiency in beef cows (Short et al., 1990) and has been associated with reduced blood concentrations of insulin, IGF-I and/or IGFBP-2 in beef and dairy cows (Robert et al., 1997; Meikle et al., 2004; Sinclair, 2008) .
The use of short-term energy supplementation (flushing) is a common practice in sheep production as it significantly improves reproductive performance (Nottle et al., 1997) . Although the response to flushing is more variable in beef cattle Mulliniks et al., 2008; Wetterman et al., 1986) , it has been demonstrated that the use of flushing, prior to or during mating, in nutrient restrictive conditions, increased pregnancy rate in primiparous cows with moderate or low body condition score (BCS) during the mating season (Pérez-Clariget et al., 2007; Soca et al., 2008) . However, the physiological and molecular mechanisms responsible for the cow metabolic status and reproductiveproductive responses to flushing are not yet elucidated.
The hypothesis of this work was that a short-term energy supplementation prior to the mating season would decrease days to resumption of ovarian cyclicity in primiparous beef cows in grazing conditions by modifying metabolic signals that impact on the reproductive axis.
The objective of this study was to evaluate the effect of short-term supplementation (flushing) in primiparous beef cows on their metabolic and endocrine profiles, and hepatic expression of genes associated with the GH-IGF-I axis.
Material and Methods
The experiment was carried out at the Experimental Station Bernardo Rosengurtt (Cerro Largo, Uruguay; 32ºS, 54ºW) of School of Agronomy-UdelaR-Uruguay, according to animal procedures approved by the Animal Experimentation Committee (CHEA, UdelaR, Uruguay). Thirty-eight suckled primiparous crossbred beef cows (Hereford, Angus and F1 crosses) with 402±6.7 kg of body weight (BW), 4±0.05 units of BCS and in anestrus were used. Cows grazed together on a 50 ha native pasture paddock (1388 kg DM/ha, 85 g/kg crude protein (CP), 630 g/kg neutral detergent fiber (NDF); average of samples collected at the beginning and end of the experiment), with good access to water. Cows were grouped by the following criteria: genetic group, calving date and BCS at calving. Nutritional treatments started at 64±14 days postpartum (onset of nutritional treatment = day 0) and were: i) control (CON, n=19); and ii) supplemented (SUP, n=19). Cows were supplemented with 2 kg/cow/day of whole rice bran (903 g/kg DM, 100 g/kg CP, 90 g/kg ether extract (EE), 140 g/kg NDF) during 21 days (from day 1 to day 21 of experiment). Supplemented animals were taken to the feeders daily in the morning and returned to grazing once they finished eating. The supplement intake was controlled individually; there were no refusals of supplement offered. At the end of the nutritional treatment, cows were naturally mated with bulls (in a 3% proportion) with previous andrological evaluation (McGowan et al., 1995) during a 75-day period.
Cow BCS was recorded at 0, 7 and 22 days (before, during and at the end of the nutritional treatment) according to a scale validate in Uruguay by Vizcarra et al. (1986) (scale 1-8; Vizcarra et al., 1986) , as well as cow and calf BW using a digital scale. Blood samples were collected weekly from 7 days before the initiation of the nutritional treatment (day -7) to day 49 of experiment, early in the morning, by jugular venipuncture using 10 mL Vacutest ® tubes (Vacutest Kima, Arzergrande, Italy) with heparin. Refrigerated samples were centrifuged at 2500 X g for 15 minutes, and plasma was stored at -20 °C until assayed.
Liver samples (500 mg) were obtained on day 22 (end of nutritional treatment) from a subset of 16 animals (8 cows/group) at the end of the nutritional treatment (day 23) by biopsy using a 14-gauge biopsy needle (Tru-Core ® -II Automatic Biopsy Instrument; Angiotech, Lausanne, Suitzerland) according to procedure described by Astessiano et al. (2012) . Liver samples were immediately frozen in liquid nitrogen and stored at −80 °C until total RNA was isolated. Presence of corpus luteum (CL) or pregnancy were confirmed by transrectal ultrasonography (Aloka SSD 500 Echo Camera, Overseas Monitor Corp. Ltd., Richmond, BC with a 5 MHz linear-array transrectal transducer). The device was used at days -7, 0, 22, 49, 77 and 96. Metabolite and insulin concentrations were measured in samples in a subset of 16 cows at 0, 7 and 22 days (before, during and at the end of the nutritional treatment). Nonesterified fatty acids (NEFA), cholesterol, glucose, and urea concentrations were determined by spectrophotometry using commercial kits (Wako NEFA-HR(2), Wako Pure Chemical Industries Ltd., Osaka, Japan; Oxidase/Peroxidase and Biuret, of BioSystems S.A., Barcelona, Spain, respectively). Sample and reagent volumes were adjusted to a 96-well microplate and read on a Multiskan EX (Thermo Scientific, Waltham, MA, USA). All samples were determined in the same metabolite assay. Intra-assay coefficients of variation (%CV) for low and medium controls were not greater than 12%. Insulin concentrations were quantified by solid-phase radioimmunoassay (RIA) (Coat and Count, Diagnostic Products Co. Los Angeles, CA, USA). All samples were determined in the same assay; the sensitivity was 1.6 µIU/mL. The intra-assay %CV for low (2.85 µIU/mL), medium (16 µIU/mL) and high (35.5 µIU/mL) controls were 11.3, 7.7 and 9.2%, respectively.
Concentrations of progesterone (P4) were measured in all cows and samples from day -7 to 49, using a solidphase RIA (Coat and Count, Diagnostic Products Co). Progesterone concentrations of days -7 and 0 were used to confirm anestrus (P4<0.5 ng/mL). Days of resumption of ovarian cyclicity were considered when plasma P4 increased above the threshold value of 1 ng/mL. The sensitivity was 0.02 ng/mL; the inter-and intra-assay %CV for low (0.6 ng/mL), medium (2.0 ng/mL) and high (7.7 ng/mL) controls were 8.7 and 8.5%, 5.8 and 7.7%, and 11 and 7.8%, respectively.
Total RNA was isolated using TRIzol ® (Invitrogen, Life Technologies, Carlsbad, CA, USA), followed by precipitation with lithium chloride and by DNase-treatment with a DNA-Free™ Kit (Applied Biosystems/Ambion, Austin, TX, USA). Concentration of RNA was determined by measuring absorbance at 260 nm (NanoDrop ND-1000 Spectrophotometer; Nanodrop Technnologies Inc., Wilmington, DE, USA), and purity and integrity of RNA isolates were assessed from 260/280 and 260/230 absorbance ratios and by electrophoresis in 1% agarose gel. Isolated RNA was stored at −80 °C until analyzed by quantitative real-time PCR.
The SuperScript ® III First-Strand Synthesis System kit (Invitrogen) was used to conduct the reverse transcription using random hexamers and 1 μg of total RNA as a template. The cDNA was stored at -20 ºC until its use in the real time PCR. Primers (Primer Express Software, Applied Biosystems, Foster City, CA, EUA) designed specifically to amplify cDNA of GHR, IGF1, IGFBP2, IGFBP3, and insulin receptor (INSR) as target genes of interest and for hypoxanthine phosphoribosyltransferase (HPRT) as an endogenous control were used (Table 1) .
The gene HPRT had been used before as an endogenous control in tissues from ruminants (Carriquiry et al., 2009; Astessiano et al., 2012) and its expression was determined in the samples of this study and proved to be a good housekeeping gene since there was no variation between treatments.
Abundance of mRNA was determined by real time PCR reactions d using 10 µL SYBR ® Green mastermix (Quantimix EASY SYG kit, Biotools B&M Labs, Madrid, Spain), equal amounts (200 nM) of forward and reverse primers (Operon Biotechnologies GmbH., Cologne, Germany) and 3 µL diluted cDNA (1:7.5 in RNase/DNase free water) in a final volume of 20 µL. Samples were analyzed in duplicate in a 72-disk Rotor-GeneTM 6000 (Corbett Life Sciences, Sydney, Australia). Standard amplification conditions were 10 min at 95 ºC and 40 cycles of 15 s at 95 ºC, 45 s at 60 ºC, and 20 s at 72 ºC. For quantification, standard curves (n = 6 dilutions from 10 6 to 10 1 ) were generated using plasmids that encoded the target and control genes. Linear regressions were used to estimate the number of copies of target and control gene mRNA in the samples and expression of each target gene was normalized to expression of the HPRT control gene (Carriquiry et al., 2009 ). The efficiency of amplification for mRNA expression of GHR, IGF1, IGFBP2, IGFBP3, INSR and HPRT was 109, 99, 94, 85, 97 and 115%. Inter and intra-assay CV% were 1.2 and 3.6%, respectively.
Individual energy intake was estimated using energy requirements (NRC, 2000) of the cow-calf pair (Smit et al., 2005) . Data were analyzed in a randomized block design using the SAS system (Statistical Analysis System, version 9.2). Data on BW, BCS, plasma metabolite and insulin concentrations were analyzed by repeated measures using the MIXED procedure with day of the experiment as the repeated effect, and the AR(1) (first-order autoregressive) as a covariance structure. The Kenward-Rogers procedure was used to adjust the denominator degree of freedom. The model included nutritional treatment, days of experiment, and their interaction as fixed effects, block as random effect, and pretreatment values of BW, BCS, metabolite and insulin concentrations as covariates in their respective data analyses. Impacts of pre-treatment alterations were assessed from a comparison of confidence intervals (α = 0.05) between covariate values and post-treatment data. Calf average daily gain and hepatic mRNA expressions were analyzed using the same model without the repeated effect of day of experiment. Days to resumption of ovarian cyclicity, and pregnancy with Poisson and Binomial distributions were analyzed (with log and logit transformations, respectively) with a model that included nutritional treatment as fixed effect using the GENMOD procedure. Correlation coefficients were estimated using the CORR procedure. Data are presented as least square means ± pooled standard errors.
Results and Discussion
The estimated energy intake did not differ between treatments. Moreover, supplementation affected neither cow BW nor BCS during the evaluation period (P>0.49, Table 2 ). These results are in agreement with previous studies in which body reserves were not altered in beef cows supplemented during postpartum, with energy or protein concentrates, for periods shorter than 30 days (Wettemann Pérez-Clariget et al., 2007; Soca et al., 2007) . As described by Moore et al. (1999) , these results suggest that at the beginning of the nutritional treatment, forage and energy intakes were enough to meet the requirements for maintenance and production. Similarly, calf BW and average daily gain during the supplementation period did not differ between treatments (P>0.64, Table 2 ). Based on the described association between calf average daily gain and cow milk production (Alencar, 1989) , these observations would suggest that short-term supplementation with whole rice bran did not affect cow milk production. In contrast, Astessiano et al. (2012) observed that cow BW and BCS, as well as calf BW and average daily gain increased with a short-term increase (23 days) of the nutritional plane using native pastures improved with temperate legumes (Lotus subbiflorous cv. Rincón). Differences between the latter and the present study could be due to cow BCS (4.0 vs. 3.6) and days postpartum (64 vs. 48 days) at the beginning of the nutritional treatment as well as characteristics of the feed offered (concentrate vs. pasture). Similarly, Roman et al. (2011) observed an increase in cow BW, BCS and milk production and calf BW in cows supplemented with whole rice bran and pure glycerin for 21 days since 47 days postpartum. The results of the present work (contrary to the findings of Roman et al. (2011) and Astessiano et al. (2012) ) suggest changes in cow energy and nutrient partitioning in response to supplementation characteristics (type of supplement, duration, quantity).
Concentrations of NEFA ( Figure 1A ) that reflect adipose tissue rate of lipolysis (Lucy et al., 2003) were similar between treatments, as they were not affected by nutritional treatment (P=0.26), remaining at basal concentrations during the experimental period. As described by Ndlovu et al. (2007) , decreased concentrations of this metabolite were indicative of the recovery of the nutritional status of beef cows still suckling their calves.
Plasma cholesterol and urea concentrations ( Figure 1B,  1C) were not affected by dietary treatments (P>0.17), but increased at the end of the experimental period (day 22, P<0.05). These changes in plasma of cholesterol and urea concentrations are probably due to the increase in the DM (Cavestany et al., 2005) and protein (Oulun, 2005) intake in both treatments as the quantity and quality of forage offered increased with the progress of the experiment. In both treatments, the observed recovery in energy balance in cows was associated with greater herbage availability and height and forage quality of natural pastures in the spring (Berreta et al., 2000; Chapman et al., 2007) .
Plasma glucose concentrations (Figure 2A ) did not differ between nutritional treatments or among days of experiment, but plasma glucose increased (P<0.05) from day 7 to day 22 only in SUP cows. The transient increase in glucose concentrations is associated with greater insulin concentrations of SUP than CON cows (P=0.04) Figure 2B ), which is consistent with the observed effects of energy supplementation in dairy cows (McNamara et al., 2003; Rabelo et al., 2005; Noro et al., 2006) .
It has been demonstrated that the ingestion of nutrients determines the increase in propionate precursors and other derivatives of the diet. Consequently, there is an increase in hepatic glucose synthesis rate, and thus an increase in circulating glucose concentrations (Reynolds et al., 2003) . Thus, changes in circulating glucose or neoglucogenic precursor concentrations promote changes in the glucose homeostatic system (Velez & Donkin, 2004; Karcher et al., 2007) . Insulin is one of the main hormones that regulate blood concentrations of this metabolite (Coffee, 1998; Drackley et al., 2001) . Insulin is synthesized by pancreatic β cells in response to elevated glucose concentrations in blood, determining the uptake of glucose by peripheral tissues, glycogen synthesis, glycolysis and fatty acid synthesis (Coffee., 1998). Thus, greater plasma glucose and insulin concentrations due to supplementation with whole rice bran indicate a better energy balance in these animals (Rabelo et al., 2005) , which could explain the earlier resumption of ovarian cyclicity (11 days). Similarly to the results of the present study, greater insulin concentrations have been observed in cows supplemented during the postpartum period (for periods > 60 days) with protein concentrates (Lents et al., 2005) or concentrates rich in lipids (Lake et al., 2006) . In contrast, Astessiano et al. (2012) observed no differences in postpartum beef cows supplemented for 23 days with improved pastures. Sinclair (2008) reported a high association between circulating insulin concentrations and reproductive responses; the latter variable is responsible for the largest proportion of the variation in the interval from parturition to first ovulation (even greater than the effect of BCS at calving or postpartum energy intake).
Hepatic expression of GHR, IGF1, IGFBP2, IGFBP3, and INSR mRNA were not affected by nutritional treatments (P>0.06) ( Table 3) .
Studies addressing the effect of supplementation during the postpartum period on hepatic expression of genes in related with the somatotropic axis in beef cows are scarce in the literature. In agreement with this study, hepatic IGF1 and IGFBP3 mRNA did not change with increased frequency of supplementation with fibrous byproducts (66.67% wheat bran, 26.93% soybean hulls, 3.75% molasses and 2.65% cotton seed flour) in multiparous beef cows during postpartum (Cooke et al., 2008) . However, although they did not observe differences in hepatic IGF1 mRNA, Astessiano et al. (2012) determined reduced expression of IGFBP3 mRNA in primiparous cows supplemented for 23 days with improved pastures during the early postpartum period (at 48 days). Astessiano et al. (2012) did not determine an effect of the nutritional treatment on hepatic IGFPB2 mRNA. It has been shown that dietary restrictions, as well as periods of negative energy balance, are associated with increased circulating concentrations of IGFBP-2 (Rajaram et al., 1997; Roberts et al., 1997) . In this study, the better nutritional status of SUP than CON cows was evidenced by the observed concentrations of metabolites and insulin without changes in hepatic gene expression. Regardless of the nutritional treatment offered, GHR mRNA expression was positively associated with the expression of IGF1 mRNA (P<0.04, r = 0.70) and IGFBP3 (P<0.01, r = 0.62), thus demonstrating the effect of GH on the synthesis of IGF-I and IGFBP-3 in the liver (Sjogren et al., 1999) .
The duration of postpartum anestrus was 11 days shorter in SUP than CON cows (P=0.04, Table 4 ), agreeing with their greater plasma cholesterol and insulin concentrations reported by several authors (Staples et al., 1998; Funston et al., 2004; Sinclair, 2008; Webb et al., 2004) and the reduced hepatic IGFBP2 mRNA expression (Roberts et al., 1997) found in these animals. However, presence of corpus luteum and pregnancy rate during the mating period did not did not differ (P>0.32) between experimental groups. This was probably due to the small number of animals in each treatment (n = 19), which did not make it possible to detect differences in binomial distributed variables because of the overlapped mean confidence intervals (Steel & Torrie, 1992) .
Contrary to the results found in this study, the duration of postpartum anestrus of beef cows was not affected by energy (Soca et al., 2008) or protein (Wetterman et al., 1986 ) supplementation combined or with calf temporary weaning. Also, the use of improved pastures for 23 days in suckled beef cows (at 48 days) with low BCS did not modify the duration of postpartum anestrus (Astessiano et al., 2012) . In this study, despite the inhibitory effect suckling on reproduction (Hess et al., 2005) whole rice bran supplementation to primiparous cows in the second month postpartum modified nutritional/metabolic signals, allowing for an earlier resumption of ovulation (Lucy, 2003) . 
Conclusions
Under the conditions of this experiment, results indicated that short-term supplementation (<30 days) with whole rice bran during the postpartum period increased glucose and insulin concentrations reducing the duration of postpartum anestrus. These observations were associated with cow recovery of positive energy balance and consequently with a better nutritional status
